Elastic scattering of neutrinos and antineutrinos on nucleons is considered. It is shown that the measurement of the neutrino-antineutrino asymmetry would allow to obtain model independent informations on the strange axial and vector form factors. The ratio of the magnetic form factors of the proton and neutron, on which the asymmetry depends, is investigated in detail. The asymmetry is calculated under different assumptions on the behavior of the strange vector and axial form factors.
I. INTRODUCTION
The measurement performed by the EMC collaboration [1] of the polarized structure function of the proton g p 1 led to a big progress in the investigation of the structure of the nucleon (see Ref. [2] ). One of the conclusions based on the EMC data was that the value of the one-nucleon matrix element of the strange axial current is comparable with those of the u and d axial currents. The latest experiments done at CERN [3] and SLAC [4] confirm this conclusion.
The one-nucleon matrix element of the axial quark current has the following form:
p, s |qγ α γ 5 q| p, s = 2Ms α g q A .
(1.1)
Here p is the nucleon momentum, M is the nucleon mass, s α is the spin vector and g q A is a constant.
The constants g Here α s is the QCD coupling constant.
The relation
where the constant g A = 1.2573 ± 0.0028 is the axial constant, which is determined from neutron decay. The values of the constants F and D can be determined from semileptonic decays of hyperons. From the latest data it follows [6] : F = 0.459±0.008 and D = 0.798±0.008.
The relation (1.3) is based on isotopic SU(2) invariance. The relation (1.4) is derived from exact SU(3) invariance.
From the data of the latest experiments [3, 4] on the measurement of g The global fit of all data gives [7] g u A = 0.83 ± 0.03 g where q r (x) (q r (x)) is the density of quarks q (antiquarksq) with momentum fraction x and helicity r.
Thus, in the parton model, the constant g q A is the contribution of q (andq) to the helicity of proton. In the parton model the total contribution of the u, d and s quarks (and antiquarks) to the helicity of the proton is given by (1.8)
From the analysis of the EMC data it was obtained that the averaged value of the constant q=u,d,s g q A is close to zero. That was the origin of the "problem of the spin of the proton".
One way of solving this problem was the calculation of the contribution of gluons to the helicity of the proton. It was shown [8] that, due to the triangle anomaly, this contribution can be large. According to the latest data In some models (see, for example, Refs. [7, 9] ) this function can have a singularity at x = 0. Another important assumption is the exact SU(3) symmetry. It was shown in Ref. [10] that a violation of the SU(3) symmetry can change strongly the numerical value of the constant g s A .
It is then clear that it is very important to use other methods for the determination of the matrix elements of the strange current. The investigation of neutral-current (NC) neutrino reactions is one of these ways [11] . We will consider here the elastic scattering of muon neutrinos and antineutrinos on nucleons:
(1.10)
The cross sections of these processes depend on the electromagnetic form factors, on the axial form factor and on the strange axial and vector form factors of the nucleon. As it was shown in Ref. [12] , the value of the constant g s A that can be extracted from the cross sections of the processes (1.9) and (1.10) strongly depends on the behaviour of the axial form factor, which is rather poorly known. In order to minimize this dependence we will consider here the asymmetry are, respectively, the cross sections of the quasielastic charged-current (CC) processes
Here Q 2 ≡ −q 2 , where q = p ′ − p, p and p ′ are the momenta of the initial and final nucleons, respectively.
We will show that measurements of the asymmetry A N (Q ∈ ) will allow to obtain model independent informations on the strange axial and vector form factors of the nucleon.
Let us conclude this introduction with the following remark. The last experiment on the measurement of the cross sections of elastic NC scattering of neutrinos and antineutrinos on protons was done about 10 years ago in BNL [13] . We think that now it is a proper time to continue these investigations. A wide program of long-baseline neutrino experiments are under preparation and under discussion at the moment [14] . The main aim of these experiments is to search for neutrino oscillations in a distant detector. A detector will be placed near the neutrino source for the calibration of the beam. This detector will register a large number of neutrino events. Taking into account the importance of the knowledge of the strange form factors of the nucleon, we think that the possibility to perform a measurement of the cross section of elastic scattering of neutrinos and antineutrinos on nucleons in the "near" detector should be considered seriously.
II. THE ASYMMETRY
Let us consider the elastic scattering of ν µ andν µ on nucleons. The standard effective Hamiltonian for these processes is given by
where the neutral current j Z α can be written in the form
Here j em α is the electromagnetic current, v 3 α and a 3 α are the third components of the isovector vector and axial currents
are the strange vector and axial currents. In Eq.(2.2) we kept only the contribution to the neutral current of the light u, d and s quarks. The one-nucleon matrix element of the neutral current has the following general form
From Eq.(2.2), for the vector NC form factors we have
Here 
Furthermore, using the isotopic SU(2) invariance of strong interactions we have
where F A is the CC axial form factor and F s A is the axial strange form factor. Using Eqs.(2.8), (2.9) and (2.12), for the difference of cross sections of the NC processes (1.9) and (1.10) we obtain the following expression:
where k is the momentum of the initial neutrino, G
is magnetic form factor of the proton (neutron),
is the strange magnetic form factor. Let us consider now the quasi-elastic CC processes (1.12) and (1.13). The standard effective Hamiltonian for these processes is given by
Here
is the hadronic charged current and V ud is the element of C-K-M mixing matrix. The onenucleon matrix element of the CC has the form
From isotopic SU (2) invariance it follows that
Using Eq.(2.17), for the difference of cross sections of the CC processes (1.12) and (1.13) we obtain dσ dQ
Finally, from Eqs.(2.13) and (2.18), for the asymmetries A √(\) determined by the expression (1.11) we find the following expression:
Taking into account only the terms which depend linearly on the strange form factors, we can rewrite Eq.(2.19) in the form 20) where the quantity
is determined by the electromagnetic form factors of the nucleon. Thus, the measurement of the asymmetry A √(\) (Q ∈ ) would allow to obtain informations about the strange axial and vector form factors directly from the experimental data. If it will turn out that the left-hand side of Eq.(2.20), in which only measurable quantities enter, is different from 1, it will be a model independent proof that the strange nucleon form factors are different from zero.
In neutrino experiments usually the interactions of neutrinos with nuclei are detected. From Eq.(2.13), for the asymmetry averaged over the proton and neutron we obtain the following relation:
where
and
is the isoscalar magnetic form factor of the nucleon. It is obvious that the interference of the isoscalar strange vector form factor G s M and the isovector axial form factor F A vanishes after averaging over p and n. Thus, the averaged asymmetry A(Q ∈ ) is determined only by the axial strange form factor F s A . The electromagnetic form factors of the nucleon enter into the expression for the asymmetry A √(\) (Q ∈ ) in the form of the ratio G
As it is well known, the electromagnetic form factors satisfy the approximate scaling relations
where µ p(n) is the total magnetic moment of the proton (neutron) in nuclear Bohr magnetons.
Using the values [15] µ p = 2.793 , µ n = −1.913 , 25) for the asymmetries A √ , A \ and the averaged asymmetry A we obtain the following expressions in the scaling approximation:
where R p = 8.46, R n = 6.11 and r = 7.09. Thus, the asymmetries A √(\) are rather sensitive to the axial and vector strange form factors. It is seen from Eqs.(2.26) and (2.27) that the asymmetries A √(\) (Q ∈ ) have approximately the same sensitivity to the axial and vector strange form factors. The contribution of the axial strange form factor to the averaged asymmetry A(Q ∈ ) is suppressed due to the smallness of the isoscalar part of the magnetic moment of the nucleon with respect to its isovector part.
We calculated also the integral asymmetry 
Let us stress that the integral asymmetry depends not only on the strange form factors, but also on the axial and electromagnetic form factors. In the scaling approximation, from Eq.(2.30) for the integral asymmetries we obtain
where R p /8 |V ud | 2 = 1.11 and R n /8 |V ud | 2 = 0.80. Thus, also the integral asymmetries are very sensitive to the axial and vector strange form factors.
The integral asymmetry averaged over p and n obviously does not depend on the vector strange form factor and is given by the expression
Thus, if it will turn out that the averaged integral asymmetry differs from the value 1 − 2 sin 2 θ W /4 |V ud | 2 , it will be a model independent proof that the axial strange form factor is different from zero.
If form factor scaling takes place, for the averaged integral asymmetry we have
From the data of the experiments on deep inelastic scattering of polarized leptons on polarized nucleons and from the data of other experiments it was found that the axial strange constant g s A is relatively large. These data led to an enormous amount of theoretical investigations and a big progress in the understanding of the structure of the nucleon [2] . Taking into account the importance of the "problem of the spin of the proton" and the theoretical uncertainties connected with the analysis of the data (small x extrapolation, violation of SU(3), etc.), it is very important to use other methods for the determination of the matrix elements of the strange currents.
The investigation of neutrino processes at relatively small Q 2 can be an important source of information about the matrix elements of the strange axial and vector currents [11] .
We have considered the processes of elastic scattering of neutrinos and antineutrinos on nucleons. From the isotopic SU(2) invariance of strong interactions it follows that the cross sections of these processes are determined by the electromagnetic form factors of the proton and the neutron, by the axial CC form factor of the nucleon and by the strange vector and axial form factors. In order to minimize the uncertainties connected with the knowledge of the electromagnetic form factors of the neutron and, especially, of the axial form factor of the nucleon, we considered here the neutrino-antineutrino asymmetry A N determined by the relation (1.11). A measurement of the asymmetry A N would allow to obtain directly from the experimental data model independent informations on the strange vector and axial form factors of the nucleon.
In Section II we have shown that the asymmetry A N depends on the magnetic form factors of the proton and neutron, which are known with better accuracy than the electric ones. More specifically, the asymmetry A N depends on the ratio of the magnetic form factors of the neutron and proton. Rather detailed informations on the values of the proton form factors in a wide range of Q 2 (up to 30 GeV 2 ) were obtained from the data on elastic scattering of electrons on proton [16, 17] . It was clearly shown that there is a deviation of the form factors from the dipole formula (up to 30% at high Q 2 ).
The values of the neutron form factors are much less known than those of the proton. A large part of the data on the neutron form factors were obtained from the analysis of quasielastic scattering of electrons on nuclei (in particular deuterium). This analysis requires the consideration of many theoretical effects (final state interaction, contributions of meson exchange currents, etc.). The values of these form factors in the range 1.75 ≤ Q 2 ≤ 4 GeV 2 were determined in a recent SLAC experiment [19] . Some informations on the value of G n M are also available in the region 4 ≤ Q 2 ≤ 10 GeV 2 [20] . However, it is necessary to keep in mind that the extraction of the value of G n M from the data in this region of Q 2 is based on a rather model dependent procedure.
The electromagnetic form factors of the nucleon enter into the relations (2.20) for the asymmetries through the ratios R p(n) (Q 2 ). We have considered these ratios for Q 2 values in the interval 0.5 ≤ Q 2 ≤ 10 GeV 2 . In our calculations we have used the latest parameterizations of the electromagnetic form factors of the nucleon [21, 22] that are aimed to describe all existing data. In order to calculate the ratios R p(n) (Q 2 ) with error bands, we have also done our own fit of the data on the nucleon form factors in the Q 2 region under consideration. For the magnetic form factor of the proton we have taken the following two-poles expression:
which was proposed in Ref. [23] . Taking into account possible violations of scaling, we have considered the following parameterization for the magnetic form factor of the neutron:
In Eqs. [21] and [22] are also presented (dashed and dot-dashed lines, respectively). It is seen from Figs.1 and 2 that in the considered region of Q 2 there is a good agreement between the different parameterizations of the form factors and the experimental data.
It is obvious that the parameterization given in Eqs.(3.1)-(3.3) is valid only in the limited Q 2 region in which we have performed the fit. We have also tried the parameterization
that provide the same behaviour for G p M and G n M at high Q 2 . However, the accuracy of the neutron data do not allow to determine the value of the parameter a 5 .
The results of our calculations for the ratios R p (Q 2 ) and R n (Q 2 ) are presented in Figs.3  and 4 , respectively. The error bands correspond to a confidence level of 90%. In the same figures we have shown also the values of the ratios R p (Q 2 ) and R n (Q 2 ) calculated with the parameterizations of the form factors given in Refs. [21] and [22] (dashed and dot-dashed lines, respectively). The corresponding curves are contained within the above mentioned error bands, except in the region Q 2 < ∼ 2 GeV 2 . The error band that we have obtained for the ratios R p (Q 2 ) and R n (Q 2 ) is mainly due to the errors of the data on the neutron form factor. It is clear that better neutron data are needed. Now we will discuss the strange form factors of nucleon. Some informations about the value of g s A were obtained from the analysis of the BNL data [13] on NC elastic scattering of neutrinos and antineutrinos on protons in the range 0.4 ≤ Q 2 ≤ 1.1 GeV 2 . Under the assumptions that the contribution of the vector strange form factors can be neglected and that the axial strange form factor has the same dipole Q 2 behaviour as the non-strange one, the authors of Ref. [13] found g s A = −0.15 ±0.09, which is compatible with the value given in Eq.(1.6). The data from BNL were reanalyzed in Ref. [12] . In this paper the contributions of the strange axial as well as vector form factors were taken into account. Dipole formulas were assumed for both the vector and the axial strange form factors. The fitting parameters [13] ), the data are well described under the assumption that g s A = µ s = r 2 s = 0 (with χ 2 /NDF=14.12/14, corresponding to 44% CL). The strange vector form factors at small Q 2 were considered by Jaffe in Ref. [24] . This calculation is based on the vector dominance model (VDM). The contributions of ω, φ and one heavier meson were taken into account. A fit [25] of the nucleon isoscalar form factors was used and ω-φ mixing was considered. Large values for the strange matrix elements were obtained in this work (−0.43 ≤ µ s ≤ −0.25, 0.11 ≤ r 2 s ≤ 0.22). The axial strange form factor was also calculated in the framework of VDM [27] taking into account the contributions of the isoscalar axial vector mesons f 1 (1285) and f 1 (1420).
Let us also notice that in accordance with the quark counting rule at high Q 2 , the axial and vector strange form factors must decrease more rapidly than the non-strange form factors:
A Q 2 dependence of the strange form factors stronger than the dipole one was in fact considered in Refs. [28, 29] in analogy with the parameterization of the electric form factor of the neutron proposed in Ref. [30] .
We have calculated the effect of the strange form factors on the asymmetries A √(\)
determined by the relation (1.11) assuming some simple models. We would like to stress that these calculations can be considered only as illustrations of the possible effects of the strange form factors. We expect that some real information about the values of the strange form factors of the nucleon will be obtained in future neutrino experiments. In Figs.5 and 6 the results of the calculation of quantities 4|V ud | 2 A p and 4|V ud | 2 A n as functions of Q 2 are shown. Here we have assumed that the axial and magnetic strange form factors are given by the dipole formulas
where M The dashed and dotted curves display the effect of axial strange form factor: they were obtained with µ s = 0 utilizing our fit and the WT2 fit, respectively, for the magnetic form factors of the nucleon. The solid and dot-dashed lines show the effect of the contribution of both the strange axial and vector form factors: they were obtained with µ s = −0.3 and utilizing our fit and the WT2 fit, respectively, for the magnetic form factors of the nucleon. The slow decrease of the asymmetry with Q 2 is due to the deviation of the electromagnetic form factors from the dipole behaviour. It is seen from Figs.5 and 6 that the contribution of the axial strange form factor to the asymmetries can be relatively large if the constant g s A has the value given by the EMC and other data. The combined effect of the axial and vector strange form factors depends on the signs of g s A and µ s . If the signs of these constants are the same (as we have assumed), the contribution of the axial and vector strange form factors to the asymmetry add up. If the signs are opposite (as it is the case for example in Ref. [31] ), the contribution of the vector strange form factor will compensate the contribution of the axial one.
Until now we considered a dipole-behaviour of the strange form factors. In the following we will calculate some values of the asymmetries A √(\) in the case of a Q 2 -behaviour of the strange form factors weaker and stronger than the dipole. In Fig.7 we present some calculations of the quantity R p A √ as a function of Q 2 in the case of a high-Q 2 decrease of the strange form factors stronger than the dipole. For the strange form factors we have adopted the following formulas: Fig.7 , the contributions of the strange form factors to the asymmetry tend to disappear at high Q 2 but could be relatively large in low Q 2 region (at Q 2 < ∼ 5 GeV 2 in the cases considered).
Finally, let us consider the case of a high-Q 2 decrease of the strange form factors weaker than the dipole. In order to improve the large Q 2 behaviour of the strange vector form factors proposed by Jaffe [24] we added one additional pole to his expressions for
We have taken the values of the parameters that characterize the ω and φ poles and the third mass m 1 as in fit 8.1 of Ref. [24] . The value of the fourth mass was assumed to be m 2 = 1.6 GeV (which corresponds to a ω resonance). The other parameters in Eqs. (3.10) and (3.11) were fixed by imposing the following asymptotic conditions:
At Q 2 = 0 we have obtained r 2 s = 0.055 fm 2 and µ s = −0.14, to be compared with the values r 2 s = 0.11 fm 2 and µ s = −0.25 of Ref. [24] . For the axial strange form factor we have employed a dipole formula with a cutoff mass twice as large as M A , which corresponds to a distribution of strange quarks inside of the nucleon narrower than the distributions of the u and d quarks (see Refs. [26, 27] ).
The results of our calculations of the quantity R p A p are shown in Fig.8 . The increase of the asymmetry with Q 2 is due to the fact that the decrease of the strange form factors at high Q 2 is slower than that of the non-strange ones. Taking into account the fact that the asymptotical conditions for the strange form factors are more stringent than those for the non-strange form factors, we would like to warn that the behavior of the asymmetry presented in Fig.8 is strongly model dependent (at least at high Q 2 ).
In conclusion, we would like to make the following remark. In most neutrino experiments the interactions of neutrinos with nuclei are investigated. In order to obtain from these experiments some informations about the strange form factors of the nucleon, the nuclear effects must be taken into account. In the region of relatively large Q 2 (Q 2 > ∼ 0.5 GeV 2 ) in which we are interested, the relativistic Fermi gas approximation [32] can be used. It was shown in Ref. [29] that in the case of quasi-elastic electron-nuclei scattering this approximation works reasonably well. We plan to consider in detail the nuclear effects in our future work.
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